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(57) Abstract 

The invention relates to a method for tuning an RF 

to a GSM system. In the method, an Y^J^^^^^S^SS^ ^ ™ ******* 
pass filter and a medium frequency of a pass band of the RF bandpass uwr » f b of |he 

ing through the bandpass filter or on an RF power ^ e ^ ecte< ^ . m ^.^!^l^^y ^^on^lcau^ng^^r^ predetermined offset 
filter and for a tuning accuracy better than before, (a) . «mer^ , m ^^^^^ filter is at the maximum o, 
( + AO, of the carrier frequency, (b) a medium frequency at which . the power propag * * ^ ium frcqucn . 
he power refiected from the input of the filter .s at the m.mmum, ' «^ , ^^^Sd offie , (-AO of the cam 
cy obtained at stage (b) is stored, (d) the earner ,s modulated by a s ;.gnal causing , * second JJ^JJl™ ^ wer rcnectcd 
I frequency, (e) a medium frequency, at which ^^T^^SS^ 0 he s ~n Sum frequency obtained a, 
SS^^i^"^ -"rm K2S - .Tue determined on the basis of the frequency 
values obtained at stages (c) and (0- 
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A method for tuning an RF bandpass filter 

The invention relates to methods ""^^ 
tne preambles of the attached claims 1 and 3 for tun 
c ina an RF bandpass filter. 

5 9 Th e methods according to the invents are in 

tended to he used especially for tuning 

tenaea te , or a similar mobile 

combiner filters of a GSM system 

phone networ*, but they can also be applied « band 
0 Lss filters suitable for other purposes, the fre 
quency oontrol of which filters requires a power mea- 
surement at selective frequency. 

A combiner is a device by means of which many 
transmitters are connected to the same antenna or an-. 
IS tenna line. Each radio transmitter is 

to an antenna or antenna line via a separate bandpass 
filter, a so-called combiner filter. Medium freguency 
of each bandpass filter is tuned to the medium fre- 
guency of the respective radio transmitter The ob- 
20 iect of the filters is, on the one hand, to input a 
20 Transmission signal of a separate ^ 

into the antenna at losses as low as possible and on 
the other hand, to prevent as effectively as P~«»- ■ 
an entrance of transmission signals at different fre 
, »h= other radio transmitters into this 
25 guencies from the other raaio H i™e- 
separate radio transmitter from the antenna direc 
se P di , . ^^t+-^t-c= Have been tuned 

tion. Traditionally, combiner filters have b _ 

fixedly to the transmission frequencies of radio 
transmitters. Then it has not been possible to change 

30 tL transmission freguency of a radio transmitter 
without changing the combiner filter or the tuning 
thereof at the same time. ' e t „ 

However, it is often desirable to be able to 
Change the frequencies of radio transmitters^ in ^a 

35 simple and quicK manner. One such case is a base sta 
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tion of a cellular mobile phone system, for "*«"~< 
with particular transmission and reception channels 
Allocated for said base station. If the channel al- 
iooation of the system can be changed when reared 
by changing the transmission and reception frequen- 
cies of the base stations, it is possible to ut.Xize 

of the system flexibly and 
the channel capacity of ^ne y 

effectively under changing circumstances. For this 
reason, combiner filters have been developed, the 

„ n f which is automatically changed 
medium frequency of whicn is 

when the transmission frequency changes. 

The tuning of these automatically tuned combin- 
er filters is ba*ed on a measurement of an RF power 
reflected from an input of the filters or an RF power 
passing through the combiner filters. The medium fre- 
quency of the filter is locked at a frequency at 
which the reflected power is at the minimum or the 
propagating power at the maximum. 

in GSM and PCN mobile phone networks, a so- 
called GMSK (Gaussian Minimum Shift Keying) modula- 
tion serves as a method of modulating a transmitter 
signal. This modulation method is a relatively broad- 
band one for signals corresponding to practical con- 
ditions, which leads to that it is difficult to tune 
combiner filters to a correct frequency and the tun- 
ing accuracy achieved remains rather modest. 

The object of the present invention is thus to 
provide a method by means of which combiner filters 
can be tuned to a correct frequency more accurately 
than previously. This is achieved by means of the 
me thod according to a first embodiment of the inven- 
tion, which is characterized in what is set forth in 
the characterizing portion of the attached claim 1, 
or by means of the method of a second embodiment of 
the invention, which is characterized in what is set 
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forth in the characterizing portion of the attached 

Claim L basic idea of the invention is to search 
tor a bandpass filter for a rcediu*. frequency, at 
which the power propagating through ■«» . £. 
the maximum or the power reflected fro* the input of 
•cne lua ^ 1p ,. t) twice by using 

the filter at the minimum, (at least) twic * 
in both cases such a modulation signal which provides 
the spectra, of the signal to be obtained as a result 
of the modulation with a sharp peak (a carrier) at a 
predetermined frequency, and to determine the final 
frequency on the basis of (at least) two tuning val- 
ues obtained from the tunings carried out on grounds. 

of these RF signals. . 

By means of the solution of the invention, an 
RF bandpass filter can be tuned to a correct frequen- 
cy in an easier and more accurate way than previous- 

lY " in the following, the invention and the prefer- 
20 red embodiments thereof are explained in more detail 
with reference to the examples according to the at- 
tached drawings, in which 

Figure 1 shows a block diagram of a typical 
transmitter system implemented by combiner ^filters 
25 in which system a medium frequency of a passband of a 
bandpass filter (combiner filter) is tuned depending 
on an RF power propagating through the filter. 

Figure 2 shows a block diagram of a typical 
transmitter system implemented by combiner *^ ters ' 
in which system a medium frequency of a passband of a 
handpass filter (combiner filter) is tuned depending 
on an RF power reflected from an input of the filter, 

Figure 3 shows a block diagram of a GMSK modu- 
lator known per se, which is used in the transmitters 
illustrated in Figure 1 and 2, 
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^ i-vnical spectrum of a GMSK 

Figure 4a shows a typical *y 

modulation, . t-o 

Figure 4b shows a spectrum of a fxrst sxgnal to 
be used in a method according to the invention, and 
5 Figure 4c shows a spectrum of a second sxgnal 

to be used in the method according to the invention 

Figure 1 shows a radio transmitter system be- 
longing to a GSM mobile phone network or the Ixke, 
which system comprises n radio transmitters TX1, TX2 
10 ...TXn having respective transmission frequencies fl, 
f 2 ...fn situated within the range of 920 to 960 MHz, 
for instance. Each radio transmitter is connected vxa 
bandpass filters 10„ 10,... 10. tuned to respective 
frequencies to a common summing point SI and further . 
15 via a directional coupling means 12 to a common 
transmitting antenna ANT. (A connection of each 
transmitter to the corresponding bandpass fxlter oc- 
curs in this example via a circulator 11, , H 2 and 11.. 
respectively. However, circulators are not necessary 
20 for the invention.) Consequently, a signal to be in- 
putted into the transmitting antenna ANT includes the 
frequencies of all transmitters. The bandpass fxlters 
10„ 10,... 10. shown in Figure 1 and connecting several 
transmitters to the common antenna are generally 
25 called combiner filters. 

■ The radio transmitter system additionally com- 
prises a control unit 13 controlling a stepper motor 
14„ 14, and 14., respectively, belonging to each com- 
biner filter, each stepper motor tuning a medium fre 
30 quency of the respective combiner filter. Each fxlter 
is a narrowband filter, the medium frequency of whxcn 
shall be tuned as close as possible to the frequency 
of a transmission carrier so that the signal to be 
transmitted moves to the antenna ANT at losses as " " 
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„ possible, in the example of Figure 1, the. medium 
frequency is tuned in a manner known per se depending 
on an RF power propagating through the bandpass fil- 
ter. By means of the directional coupler 12 , a sample 
signal P F is taken of an output signal of each f liter 
separately, which sample signal is proportional to 
the signal power at transmission frequency passed 
through said filter. The sample signal is inputted 
into the control unit 13, which tunes the medium fre- 
quency of the filter by means of the stepper motor in 
such a way that the level of the sample signal is at 
the maximum. 

The example of Figure 2 corresponds to the em- 
bodiment of Figure 1, except that each combiner fil- 
ter iO^.-lO. now is tuned in another manner known per 
se, i.e. depending on an RF power reflected from an 
input of a combiner filter. For this reason, the an- 
tenna line has no directional coupler, but to each 
transmitter branch, to the input of the combiner fil- 
20 ter, is connected a separate directional coupling 
means 12,, 12 2 and 12 n , respectively. In this case, a 
sample signal P R is taken of a signal component re 
fleeted from the input of the filter by each direc- 
tional coupler, which sample signal is proportional 
to the power of the signal component and inputted in- 
to the control unit 13. By means of each stepper mo- 
tor, the control unit 13 tunes the medium frequency 
of the respective filter in such a way that the level 
of the sample signal is at the minimum. 

Above have been described the two known ways of 
tuning a combiner filter on which the method of the 
invention is based. The stages of the method accord- 
ing to the invention will be explained in more detail 
in the following. 
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Figure 3 shovs a blocK diagram of a GMSK modu- 
lator *no„n per se and belonging to the t™~ers 

in turn a typical signax 
TXl TXn and Figure 4 a in turn jrf 
TX1 " . . a£= a result of a GMSK modula- 

spectrum SI obtained as a result 

tion. The GMSK adulator comprises a coding unit 31, 



.on. 'rne t>noA - __ >H _ 

• f n. e r 32 to which the output of the cod 
a Gaussian filter 32, 

. , , nd a modulation unit 33, 
ing unit is connected, and a mo 

^ _ filter is connected. In tne 

which the output of the filter is 



coding unit, a differential coding of -™ ^ 
10 is performed, the coded signal 1. fibred xn the 

Gaussian filter 32 and the filtered signal is modu # 
lated to carrier frequency in the modulation unit 33^ 
Because the structure of the GMSK modulator is Known 
per se and does not relate to the actual - inventive . 
15 idea, it is not described .ore accurately in this 
connection. The operation of the modulator appears in 
greater detail e.g. from the paragraphs 2.4 to 2.6 of 
the GSM specification 05.04 (version 3.1.1)- 

The spectrum SI of an RF signal to be obtained 
20 from the output of the modulation unit 33 and to be 
* inputted into a combiner filter is «P*«^££ 
to the spectrum shown in Figure 4a, i.e. « la " ve « 
broad. Then data to be transferred in a practical 
situation or random data reminding of the data to be « 
25 transferred in a practical situation have served as 

modulating data. 

However, a property of GMSK modulation is that 
the spectrum of the signal to be obtained as a result 
of modulation is provided with a sharp peak (a car- 

30 rier) at a predetermined frequency deviating from the 
actual nominal carrier frequency £, (f« is fl, f2 etc. 
or fn), when a particular predetermined bit queue is 
used as modulating data. In other words, the carrier 
occurs as a sharp peak at a frequency which has been 

35 offset a predetermined distance from the nominal car- 
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rier frequency. For instance. when a bit Qu- 

11X11...' is ~" -P-""" Pe3k iS 

+ (1/4T) fron the nominal carrier frequency, 1/T bemg 

. 4-^ ho used fin a GSM system, 

the transmission rate to be used j 

the transmission rate is 270 , 833 kbit/s) . Correspond- 
ingly, when a bit queue 010101. .. is used, said spec- 
trum peak is offset about .-(1/4T) from the nominal 

carrier frequency. 

. According to the invention, this property is 
utilized at the tuning of combiner filters in such a 
way that the carrier is at first modulated e.g. by 
the bit queue 1111 ... indicated by reference mark Al 
in Figure 3. Then a spectrum S2 of an RF signal to be 
obtained from the modulation unit 33 to the input of 
a combiner filter is similar to the spectrum shown in 
Figure 4b. The spectrum now comprises a sharp peak (a 
carrier) at a frequency which has been offset about 
+ Af (Af=l/4T) from the nominal carrier frequency f c . 
By using this signal, a medium frequency, at which 
the power propagating through the filter is at the 
Maximum or the power reflected from the input of the 
filter is at the minimum, is searched for for the 
combiner filter, i.e. either the method illustrated 
in Figure 1 or the method illustrated in Figure 2 is 
used. The first information of a medium frequency 
obtained in this way is stored. 

At the following stage, the carrier is modulat- 
ed for instance by the bit queue 010101... indicated 
by reference mark A2 in Figure 3. A spectrum S3 of an 
RF signal obtained from the modulation unit to the 
input of a combiner filter is then similar to the 
spectrum shown in Figure 4c. The spectrum has now a 
sharp peak (a carrier) at a frequency which has been 
offset about -Af (Af=l/4T) from the nominal carrier 
frequency f e - (In practice, the spectrums Si and S2 to 
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b e obtained as a result of Ration comprise ■ 

sake of clarity, they are not shown i 

*->,-i c second signal, a medium ire 
and 4c) . By using this secona y 
5 quency at which the power propazin, throug* the 
Inter is at the maximum or the power reflected from 
the input of the filter is at the minimum. « 
■cne iiip w 4 „ OT . filter. In other words, 

searched for for the combiner filter- i 
either the method illustrated in Figure 1 or the 
10 method illustrated in Figure 2 is reused The ^second 
information of a medium frequency obtained in this 

way is stored . 

The last stage is the final tuning of the co. 
hiner filter by tuning the medium frequency midway 
1S l^ZJL first and the second medium frequency 

^"^^h the invention has been described above 
wi th reference to the example of the attached . draw- 
ings; it is clear that the invention i. not "strict 
20 ed to it. but can be modified in many ways 

scope of the inventive idea described above and in 
^attached claims. Accordingly, even if the inven- 

* t ^ a rpferrina to a combiner til- 

tion has been explained referring 

ter belonging to a GSM system, for instance, the in 
25 vention can also be applied to other systems using 
^SK . modulation or to other modulation methods having 
the properties in question. In principle ~ 
can also be implemented in such a way that the first 
and second offset of the carrier frequency have un- 
30 equal absolute values. In the above example, this 
means that different transmission rates are used at 
the respective stages of the method. Moreover, the 
methods can be combined, which means that a measure- 
m ent of both the reflected KF power and the RF power 
™ _ ; ■: ~ -"^v. a manner 



35 



passed through are used for tuning in such 
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that the control unit each time selects the way of 
tuning depending on external load. Because different 
load situations affect the sample signals P F and P R in 
different ways, this combined tuning method can re- 
duce the influence of these external loads on the 
tuning. 
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Claims: 



X. A method for . * -a 

5 „ a OSM system or the 1 carrier freqoency (£t) 

signal having a certain and a me dium 

is inp utted T o ^ - =ass f ilter u 

srz^u - - - — -rrri rrt 

10 the bandpass filter, c h a r a c t 

sta ges at vhich^ ^ ^ ± into the f , lt 

„„ 10 10) is modulated by a signal causmg a 
"St ^rLined offset C*~>- of ^ r 

15 t h e nominal frequency — 

<b) a ---^-7;-; t tt t Ke maximum. 1- 
pagating through the filter 

20 ^ S rr^er to he inputted into the fi^er 

, no 10 10) is modulated by a signal causing a 
C10,, 10 a ..-10.) ^ carrier £re _ 

second predetermined offset k 

auency from the nominal frequency (f.) thereof. 

2S q (e, a medium frequency, at which the P-rP- 

" pagatin, through the filter is at the maxrmum. 

searched for for the bandpass filter, ^ 
searuieu r, Dn „pncv obtained at 

(f) the second medium frequency 

30 *~ rgl-Titrt tuned by tuning its medium 
30 frequency to a value determined on the basis of the 

frequency values obtained at stages (c, and <f,. 

a. A method according to ol.i» 1. c h a r a c 

t . r i . e d in that , at stages (a) and (d, , the 
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carrier is modulated by signals causing substantially 
equal offsets of the carrier frequency, but in oppo- 
site directions, whereby the filter is tuned at stage 
(g) midway between the frequency values obtained. 
5 3. A method for tuning an RF bandpass filter, 

especially a combiner filter (.10,, 10 2 ...10J, in which 
method an RF signal having a certain nominal carrier 
frequency (f c ) is inputted into the RF bandpass filter 
and a medium frequency of a pass band of the RF band- 
10 pass filter is tuned depending on an RF power re- 
flected from an input of the bandpass filter, 
characterized by stages, at which 

( a) a carrier is modulated by a signal causing 
a first predetermined .offset (+Af) of the carrier 

15 frequency, 

( b) a medium frequency, at which the power 
reflected from the input of the filter is at the mi- 
nimum, is searched for for the bandpass filter, 

(c) the first medium frequency obtained at 

2 0 stage (b) is stored, 

(d) the carrier is modulated by a signal caus- 
ing a second predetermined offset (-Af) of the car- 
rier frequency, 

(e) a medium frequency, at which the power re- 
25 fleeted from the input of the filter is at the mini- 
mum, is searched for for the bandpass filter, 

(f) the second medium frequency obtained at 

stage (e) is stored, and 

(g) the filter is tuned by tuning its medium 
30 frequency to a value determined on the basis of the 

frequency values obtained at stages (c) and (f ) . 

4. A method according to claim 3, charac- 
terized in that, at stages (a) and (d) , the 
carrier is modulated by signals causing substantially 
3 5 equal offsets of the carrier frequency, but in oppo- 
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site directions, whereby the filter is tuned at stage 
(g) midway between the frequency values obtained. 
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